Many claims have been made that agriculture is polluting lakes and streams with chemicals, organic wastes, and microorganisms. Of course, some microorganisms are found in almost all water. Wadleigh (7) suggested that we need information on the extent to which infectious agents in irrigation water are coming from agricultural sources. Water diverted from the Snake River in southern Idaho for irrigating agricultural land is contaminated with coliforms and other microorganisms normally associated with fecal pollution (6) . Coliform bacteria may be from various origins ranging from soil to animal pollution, but much of this contamination of the water originated from sewage outfalls and food processing wastes upriver. Approximately 50% of the irrigation water used on the Twin Falls Irrigation District infiltrates the soil and emerges from natural and artificial subsurface drains (2) . Smith, Douglas, and Bondurant (5) evaluated the microbiological quality of the subsurface drainage and found that soil filtration decreased the bacteria numbers in the water and improved the quality to, or almost to, domestic quality.
The influence of irrigation on bacteriological water quality can be determined by measuring changes in bacterial numbers in the water before and after passage across the surface of the soil. A few experiments have been conducted in the humid areas of the United States to determine agricultural impact on water quality using rainfall as the immediate source of water. Kunkle (3) determined base levels of coliform contamination in water from a grazed pasture and a hay field in Vermont. He reported that fecal coliforms were better indicators of animal pollution than total coliforms, that these microorganisms were greatly influenced by rainfall, and that a storm event increased the coliform numbers. Weidner et al. (8) (4) reported that the bacteriological quality of farm ponds in Ohio that were supplied with water from agricultural runoff was surprisingly good. The water could be used for anima/ watering and domestic purposes with relatively minor purification. We found no reports of bacterial water quality changes resulting from irrigation use. The research reported here was conducted to determine the influence of surface irrigation on bacteriological quality of the surface runoff water.
MATERIALS AND METHODS
Three small watersheds near Twin Falls, Idaho were selected for this study. Presumptive, confirmed, and completed coliform counts were made using three sets of five lactose broth fermentation tubes per sample, followed by inoculation of the positive cultures on brilliant green bile broth, and then on EMB agar according to Standard Methods (1). Most Probable Numbers (MPN) were calculated from the tables using numbers of cultures and numbers of positive cultures in each category. The 95% probability limits of MPN counts are given in the MPN tables (1), Fecal coliform counts were made by MPN analyses according to Standard Methods (1), Fecal streptococci were determined by micropore filtration. Starch hydrolyzers were grown on starch agar as described previously (5) . Dissolved oxygen was measured with a gold-silver electrode and BOD E (5-day 20C biochemical oxygen demand) was determined. Water temperatures were measured at each site at sampling with a glass thermometer calibrated to 0.1C.
RESULTS AND DISCUSSION
All the water used for irrigating the three small watersheds was diverted from the Snake River. The runoff
The other two watersheds had no retention structures and the water was collected as it left the watersheds. Microorganism populations in the water leaving the watersheds were the product of the populations of the diverted irrigation water, dieoff, and pickup of microorganisms from the soil as the water moved across the fields. Numbers increased or decreased depending upon which factor was dominant, microorganism dieoff or pickup.
The maximum, minimum, and median numbers of coliform organisms in irrigation and drainage water samples are given in Table 1 . Median values indicate the relative distribution of organism counts in each series of samples for a sampling site. The wide variations in coliform counts reflected considerable variability in quality of the irrigation water. No seasonal or annual trends were found in any of the bacterial numbers.
The A canal water was pumped into the canal and the other two sites received water diverted by gravity flow. Coliform counts in most cases tended to be higher in the drainage water than in the irrigation water but the differences observed were within the 95% confidence limits for MPN analyses.
The fecal coliform numbers in the A canal irrigation and drainage water were not different (Table 1 ). In the Hansen canal and the Kimberly lateral, fecal coliform organism numbers were greater in the drainage than in the irrigation water. Fecal streptococci numbers based on maximum and median values were approximately two to six times greater in the drainage than in the irrigation water.
Fecal coliform/fecal streptococci ratios were calculated for all of the water samples. Of the 86 samples, 27% of Starch hydrolysers )321,000 >321,000 70,000 184,000 0 0 • Fecal streptococci were determined by micropore filtration and direct counting. t Ali sites were sampled 15 times except the Hansen Canal drainage which was sampled 13 times bemuse it was dry on two sampling dates, the irrigation water and 10% of the drainage water samples had ratios greater than 2.5. This indicates that the respective percentages of the irrigation and drainage water samples were contaminated with fecal pollution (7) . The decrease in these ratios from the irrigation water to the drainage appears to he the result of a greater increase in fecal streptococci than fecal coliforms in these field situations. In one case on the Kimberly drainage, the fecal coliforms increased sharply over the irrigation water indicating probable contamination from human sources. There are no clearcut trends apparent in numbers of starch hydrolyzers as reported in Table 1 . Both increase and some decrease in numbers were observed between the irrigation and drainage samples but none exceeded the 95% probability limits for MPN analyses.
Plate counts of microorganisms incubated at 20C were of the sane order of magnitude in the irrigation and drainage water from the A canal and drain samples ( Table 2 ). In the other two watersheds, the drainage water contained severalfold more microorganisms than the irrigation water in most of the samples.
The water samples were all taken between 9:00 and 11:00 am local time, and the temperatures were measured at sampling. Temperatures of the canal water samples averaged 19.5C in 1969 and 19.3C in 1970.
BO% measurements were made on all the water samples. The irrigation water averaged 2 mg/liter oxygen demand, and the drainage water averaged 4 mg/liter oxygen demand, indicating low concentrations of readily oxidizable organic material in the water.
CONCLUSION
The irrigation water samples were polluted with microorganisms associated with human and animal wastes, as indicated by numbers of coliforms and by fecal coliform/ fecal streptococci ratios. There was a trend toward increasing numbers of coliforms and fecal coliforms in the drainage water compared to the irrigation water, but the differences were generally within the confidence limits for MPN analyses. On two of the three watersheds, microorganisms incubated on plating agar at 20C had higher counts in the drainage than in the irrigation water. Fecal streptococci numbers were significantly higher in the drainage than in the irrigation water on two of the three small watersheds. Because drainage from the A canal watershed was contained for a time in a pond before being pumped back to the canal, dieoff of bacteria could have taken place in the pond, thus producing lower numbers than were found in the other two systems that did not have ponds.
The wide probability limits of MPN analyses make it difficult to evaluate these kinds of data with certainty. Nevertheless, even though microorganism counts tend to be higher in drainage than in the irrigation water on these three small watersheds, irrigation use has a minimal deleterious effect on the microbiology of these waters.
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